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The utilization of different carbon sources has been the  object of several 
studies ( S a l z m a n ,  1901; M ű n  t e r ,  1913; L i e s k e ,  1921; C o  c h ­
i' a n e and H a w 1 e y, 1956).
In  the present paper the utilization of carbon sources by strains of therm o­
philic actinomycètes belonging to  different species is reviewed.
Materials and methods
From the carbohydrates serving as carbon sources some representatives 
of the mono-, oligo-, and polysaccharides (such as D-glucose, D-arabinose, 
D-xylosc, maltose, and starch) were considered. The decomposition of cellulose 
has been studied in a previous work ( B a l i a ,  1968). For experim ental p u r­
poses a synthetic culture medium of standard  composition was used as this 
medium contained no other organic substance th an  the carbohydrate under 
investigation. The basic culture was prepared according to \\ a k s m a n 
(1961), bu t it was supplem ented with 1% of the  carbohydrate to  be investigat­
ed. The cultures were kept in 100 ml Hrlenmever flasks. In  view of its carbo­
hydrate content the culture medium was sterilized by the  fractionation pro­
cess. The sterile culture media inocculated w ith monospore cultures of the 
strains investigated were then incubated a t 37° and 50°C, respectively. The in ­
cubation tim e varied according to  both the  physiological properties of the 
strains and the tvpe of the  carbohydrate serving as substrate. A stop in the 
growth of the  colony diam eter indicated the  end of incubation.
For measuring the  growth indicating the  ex ten t of carbon utilization two 
methods were used:
(1) measuring growth oi the colony diam eter, and
(2) dry weight measurement.
Both methods have been described in detail by 11 o r v á t  h (1966).
Starch decomposition was investigated by both qualitative and q u an tita ­
tive methods. Q ualitative estimation of amylase was carried out on starch-
agar plates a t two different tem peratures (37° and 50°C). At the end of in ­
cubation (72 hrs) the presence of extracetiuiar enzyme was dem onstrated by 
means of an iodine-starch coiour reaction, and the dimension of the decompose 
tion zone was measured a t the two different incubation tem peratures. With 
strains with an intensive activ ity  as judged by the qualitative method starch 
decomposition was tested quantitatively  as well. For these tests a liquid culture 
medium containing 5 g starch/litcr was used. For five days the ex ten t of starch 
decomposition was checked by daily sampling. The to tal am ount of sugar 
obtained from starch by this method was then estim ated spectrophotom etri- 
eally.




96% ethanol served to precipitate non-decomposed starch in the sample. 
60% H,8(), complete by hidrolized the carbohydrates formed during starch 
decomposition. In acidic medium, the mono saccharides gave a  colour reaction 
with orcin, the colour was measured in an 1 YTFOT spectrophotom eter a t 540 
m/;. Non-inocculated media served as a control. The extinction values obtained 
wete then converted by means of standard  curves obtained with samples 
containing a known am ount of starch  -  into total of sugar values (mg/ml).
Results and conclusions
For strains belonging to  different species the utilization of various carbon 
sources was investigated a t two incubation tem peratures (37° and 50°C). The 
following strains of the corresponding species were used:
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The increase in colony diam eter was measured; a t the end of the incuba­
tion period the dry  weight was determined. These da ta  as well as those indicat­
ing utilization rate  of the carbon source — these la tte r being characterized bv 
the daily increase in dry weight -  are listed in Table 1. The results obtained 
stand for the average values belonging to  four parallel cultures.
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I t  is obvious th a t  the growth in colony diam eter (iocs not refiect u nambí 
guousiy t!ie development of actinomycetes and utilization of the nutrient, 
1 herefoie, the ex ten t of utilization oí tile individua! carbon sources has been 
established as a function of the increase in dry  weight (cf. Tabie II).
7 / .
Order o! utilixatiun oí the (íiííerent e:trhon sources
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! able 2 detnonstrates th a t four strains belonging to different species the 
order of utilization of carbon sources is as follows: 
starch m glucose >  maltose =- xylose >  arabinose.
Strains m arked TA„ ^  were used for a more detailed studv
oi starch decomposition.
For starch decomposition the results obtained by qualitative tests (on the 
basis of the decomposition circle diam eter) are listed in Table I II . Amylase 
activity  of the strains investigated was tested a t three different tem peratures 
(20 , 37 , and 50°C) for five days, lab le  4 dem onstrates the average values 
(mg,/ml) of the to ta l am ounts of sugar obtained with parallel cultures as cal­
culated from the extinction-, and standard  curves, respectively.
77<M, / / / .
itcsulls of qualitative test on starch decomposition
Strain
No.
1. S tar eh 11. (Jiucosc JH . Maltose IV. Xylose V. Arabinose
37 °C 30 °C 37 °C 50 °C 37 °C 50 °C 37 °C 50 °C 37 °C 50 °C
T - b 0 .58 0.7 0.1 0 .0 0.4 O.S 0 .00 0 .) 0.5 <!.)
!'A., 0 .49 1 .Í2 0 .3 0 .0 0.5 0.4 0.7 0 .) 0 .00
T A , 0 .70 0 .99 O.S 0 .9 0.0 0 .0 0 .4 0.1 0 .) 0 .)
T A „ O.OS 0 .93 0 .3 0 .3 0 .4 O.OS 0.3 0.1 0.2
T A „ 2.0S 1.70 2 .4 0 .43 1.0 0.1
T ,y .. 0 .33 o .so — 0 .2 0.3 0.07
T A „ 0 .2 0 .5 0 .0 ) 0 .)
T A „ 0 .0 4 Í.0S ).3 l.S 0.07 0.07 — — 0.09 0 .2
N o"
Colony diameter (cm) Decomposition circle diamett-r (cm)
37 °C 50 °C 37 °C 50 °C
T A , 1.0 i.4 1.3 1.0
T - b , 1.0 1.3 1.2 1.7
T A „ 1.1 1.4 0.9 1.1
T A j, 1.0 2 .0 1.0 1.0
T A „, 0 .8 1.2 0 .5 0.9
T A ', 0 .7 1.1 0.5 0.9
TA?? 1.0 1.2 0.8 1.4
'J 'A „ [.2 1.0 0 .3 1.1
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Plots of amylase activ ity  of the  strains investigated as a function of both 
the to ta l am ount of sugar (mg/ml) and the  incubation tim e, yielded the foiiow- 
ing results:
(1) W ith 3 strains (TAg -, g,) amylase activ ity  was considerably higher 
a t 50° than  a t 37°C (cf. Fig. 1).
7aMe71*.
Results oi (¡incitative tests on stare)) decomposition
(2) W ith 3 strains (TAgg --) amylase activ ity  was the same a t both in ­
cubation tem peratures (Fig. 2).
(3) With 2 strains (TAg, g j amylase activ ity  proved to  be lower a t 50° 





Average extinctionvalues Average \a!ues of total amount of sugar mg/ml
24)1 48h 72h 96h 120h 24h 48)i 72). 90!i 12«)i
20 —
TA, 37 0 .0 4 0 .) 3 0 .5 6 0 .57 0 .4 9 0 .100 0 .325 1.40 1.425 1.225
50 0 .04 0 .0 3 0 .72 0 .5 0 0 .26 0 .100 1.575 2 .050 1.250 0 .650
20 0.07 0 .1 ) 0.31 0 .2 9 0 .43 0 .175 0 .250 0 .775 0 .725 1.075
TA.,, 37 0 .13 0 .43 0 .05 0.77 0 .95 0 .325 1.075 1.625 1.925 2 .375
50 0 .00 0 .45 0 .6 6 0 .67 1.02 0 .!5 0 1.125 1.650 1.675 2 .550
20
T A „ 37 0.13 0 .62 0 .65 0 .6 5 0 .67 0 .375 1.575 1.625 1.625 1.975
50 0 .10 0 .53 0.57 0 .5 6 0 .5 5 0 .400 1.325 1.425 1.400 1.375
20
TA ,. 37 0 .02 0 .57 0 .79 0 .8 4 0 .93 0.05(1 ).4 2 5 1.975 2 .100 2 .325
50 0 .07 0 .7 9 0 .70 0 .83 0 .9 2 1.675 1.975 1.900 2 .075 2 .300
T A „
20
37 0.0S 0 .17 0 .96 l . ) 4 0 .92 0 .2 0 0 0 .425 2 .400 2 .850 2 .300
50 0.37 0 .57 0 .92 0.61 0 .70 0 .9 2 5 1.425 2 .300 1.525 1.750
TA,<
20
37 0.21 0.3S 0 .90 0 .58 0 .7 6 0 .525 0 .9 5 0 2 .400 1.450 1.900
50 0.31 0 .8 8 1.12 0 .7 8 0.41 0 .7 7 5 2 .200 2 .800 1.950 1.025
20 0 .37 0 .06 0.01 0.01 0 .9 2 5 0 .1 5 0 0 .025 0 .025
T A „ 37 0.21 1. ) 0 .85 0 .46 0 .6 9 0 .525 2 .775 2 .125 1.150 1.725





0 .20 0 .5 6 0 .94 0 .79
-
0 .6 5 0 1.400 2 .350 1.975
50 0.17 1.19 0 .92 0 .73 0.61 0 .425 2 .975 2 .300 1.825 1.525
1
A comparison of the results obtained for amylase activ ity  by the two diffe­
ren t m ethods (decomposition circle diam eter-, and spectrophotom etric m ea­
surem ents, respectively) indicates the following:
(1) W ith two strains (TA-, according to  both methods both amylase 
activ ity  and the ex ten t of starch decomposition were higher a t 50° than 37°C 
(cf. Tables 3 and 4).
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1'iy. 1- Amylase ac tiv ity  oi strain  TA„
(2) With three strains ( 1-Wg ^  y )̂. according to the decomposition circle 
diam eter the ex ten t of starch decomposition varied a t the two different tem per­
atures, whereas according to  quantita tive  measurements amylase activity  prov­
ed to  be approxim ately the same (Figs. 2, 4 and 5).
(3) W ith two strains (TA.,g g„) the  decomposition circle diam eter indicat­
ed a greater ex ten t of starch decomposition a t  50°C; according to  quantitative 
measurements, however, amylase activ ity  was higher a t 37°C (Figs. 3, 6 and 7).
(4) W ith one stra in  (TA„) according to  quaiitative tests the  ex ten t of 
starch  decomposition was higher a t 37°C, whereas quan tita tive  measurem ents 
revealed a higher amylase activ ity  a t 50°C (Figs. 1, 8 and 9).
From the experim ental results it can be concluded tha t:
(1) Most of the  strains investigated utilized D-glucose, maltose and starch, 
respectively, to  practically the same extent. This is in good agreem ent with the 
d a ta  reported by G o t t l i e b  and P r  i d h a m (1948) for common actino­
mycètes.
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Fig. 2. Amylase ac tiv ity  of stra in  TA,9
(2) On the other hand, in the  case of cellulose, xylose, arabinose (rham- 
nose, raffinose, lactose and mannose) the  utilization selective. Consequently, 
from the point of view of system atization these carbohydrates can be consi­
dered as significant.
(3) For common actinomycètes, K. r  a i n s k y (1914) and W a  k s m a n 
(1920) have investigated the  utilization of carbohydrates from the  point of 
view of system atization. I t  is of interest to  mention th a t  most of the  actino­
mycètes investigated by the above authors can not utilize arabinose as a car­
bon source.
(4) The experim ental results on starch  decomposition clearly show th a t 
the enzym atic hydrolysis of starch is greatly dependent on the incubation 
tem perature.
(5) A comparison of the results obtained on starch decomposition by quali­
ta tive  and quan tita tive  methods, respectively, decisively point to  the im port­
ance of accurate measurements.
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Summary
The utilization of carbon sources bv thermophilic actinomycètes strains 
belonging to  different species was investigated. Dry weight measurement oilers 
an unambiguous and reliable method for determ ining the extent of carbon 
utilization. Among the carbohydrates investigated from the point of view of 
systematizing, cellulose, arabinose, and xylose proved to be significant. The 
results obtained by more thorough examination of starch decomposition de­
cisively point to  the  importance of accurate qualitative and quantitative 
measurements and verify the incubation tem perature dependence of enzymatic 
hydrolysis.
lo g . X. A tn y ia se  a c t iv i ty  oi s t r a in  ')'A„„
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Fig. 4 - 5 .  S tarch  decomposition w ith stra in  TA,„ (a t 37° and  50°C, respectively) 
Fig. 6 — 7. S tarch  decomposition w ith strain  TA,„ (a t 37° and  50°C, respectively) 
Fig. 8 — 9. Starch decomposition w ith stra in  'l'A , (a t 37° and  50°C, respectively)
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